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Description

TECHNICAL FIELD

[0001] This disclosure relates in general to semicon-
ductor packages, in particular to semiconductor packag-
es with a scratch protection layer, as well as to a method
for fabricating such semiconductor packages.

BACKGROUND

[0002] A semiconductor package may be a high power
device which is configured to operate with a high voltage
and/or a high electrical current. In particular this type of
semiconductor package may require a heat dissipation
scheme with a particularly low thermal resistance. Such
a scheme may for example comprise transferring heat
generated by a semiconductor die of the package to a
die carrier and from the die carrier to a dedicated heatsink
or a PCB to which the semiconductor package is coupled.
It may be necessary to electrically insulate the die carrier
from the heatsink or PCB without significantly increasing
the thermal resistance of the thermal path. For this pur-
pose, specific dielectric heat conductor parts may be ar-
ranged between the die carrier and the heatsink or PCB.
However, such heat conductor parts may have a com-
paratively low mechanical robustness and may therefore
be prone to take damage, e.g. to receive scratches during
handling of the semiconductor package by the customer.
Improved semiconductor packages as well as improved
methods for fabricating semiconductor packages may
help with solving these and other problems.
[0003] The problem on which the invention is based is
solved by the features of the independent claims. Further
advantageous examples are described in the dependent
claims.

SUMMARY

[0004] Various aspects pertain to a semiconductor
package, comprising: a carrier comprising a first side and
an opposing second side, a semiconductor die arranged
on the first side of the carrier, a heat conductor part ar-
ranged on the second side of the carrier, an encapsula-
tion body encapsulating the semiconductor die, wherein
the heat conductor part is exposed from the encapsula-
tion body, and wherein the heat conductor part has a
different material composition than the encapsulation
body, and a scratch protection layer covering the heat
conductor part, wherein the scratch protection layer has
a hardness which is at least five times higher than a hard-
ness of the heat conductor part.
[0005] Various aspects pertain to a method for fabri-
cating a semiconductor package, wherein the method
comprises: providing a carrier with a first side and an
opposing second side, arranging a semiconductor die on
the first side of the carrier, arranging a heat conductor
part on the second side of the carrier, encapsulating the

semiconductor die with an encapsulation body such that
the heat conductor part is exposed from the encapsula-
tion body, wherein the heat conductor part has a different
material composition than the encapsulation body, and
covering the heat conductor part with a scratch protection
layer, wherein the scratch protection layer has a hard-
ness which is at least five times higher than a hardness
of the heat conductor part.

BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The accompanying drawings illustrate exam-
ples and together with the description serve to explain
principles of the disclosure. Other examples and many
of the intended advantages of the disclosure will be read-
ily appreciated in view of the following detailed descrip-
tion. The elements of the drawings are not necessarily
to scale relative to each other. Identical reference numer-
als designate corresponding similar parts.

Figure 1 shows a sectional view of a semiconductor
package with a scratch protection layer arranged on
a heat conductor part.

Figures 2A and 2B show two different exemplary
methods for fabricating the scratch protection layer.

Figures 3A to 3F show a further semiconductor pack-
age comprising a scratch protection layer in various
stages of fabrication, according to an exemplary
method for fabricating semiconductor packages.

Figure 4 is a flow chart of an exemplary method for
fabricating semiconductor packages.

DETAILED DESCRIPTION

[0007] In the following detailed description, directional
terminology, such as "top", "bottom", "left", "right", "up-
per", "lower" etc., is used with reference to the orientation
of the Figure(s) being described. Because components
of the disclosure can be positioned in a number of differ-
ent orientations, the directional terminology is used for
purposes of illustration only.
[0008] In addition, while a particular feature or aspect
of an example may be disclosed with respect to only one
of several implementations, such feature or aspect may
be combined with one or more other features or aspects
of the other implementations as may be desired and ad-
vantageous for any given or particular application, unless
specifically noted otherwise or unless technically restrict-
ed. Furthermore, to the extent that the terms "include",
"have", "with" or other variants thereof are used in either
the detailed description or the claims, such terms are
intended to be inclusive in a manner similar to the term
"comprise". The terms "coupled" and "connected", along
with derivatives thereof may be used. It should be under-
stood that these terms may be used to indicate that two
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elements cooperate or interact with each other regard-
less whether they are in direct physical or electrical con-
tact, or they are not in direct contact with each other;
intervening elements or layers may be provided between
the "bonded", "attached", or "connected" elements. How-
ever, it is also possible that the "bonded", "attached", or
"connected" elements are in direct contact with each oth-
er. Also, the term "exemplary" is merely meant as an
example, rather than the best or optimal.
[0009] The examples of a semiconductor package de-
scribed below may use various types of semiconductor
dies or circuits incorporated in the semiconductor dies,
among them AC/DC or DC/DC converter circuits, power
MOS transistors, power Schottky diodes, JFETs (Junc-
tion Gate Field Effect Transistors), power bipolar transis-
tors, logic integrated circuits, etc. The semiconductor
die(s) may have contact pads (or electrodes) which allow
electrical contact to be made with the integrated circuits
included in the semiconductor die(s). The electrodes may
be arranged all at only one main face of the semiconduc-
tor die(s) or at both main faces of the semiconductor
die(s).
[0010] An efficient semiconductor package packages,
as well as an improved method for fabricating semicon-
ductor packages, may for example reduce material con-
sumption, ohmic losses, chemical waste, etc. and may
thus enable energy and/or resource savings. Improved
semiconductor packages as well as improved methods
for fabricating semiconductor packages, as specified in
this description, may thus at least indirectly contribute to
green technology solutions, i.e. climate-friendly solutions
providing a mitigation of energy and/or resource use.
[0011] Figure 1 shows a semiconductor package 100
comprising a carrier 110, a semiconductor die 120, a heat
conductor part 130, an encapsulation body 140, and a
scratch protection layer 150.
[0012] The carrier 110 comprises a first side 111 and
an opposite second side 112, wherein the semiconductor
die 120 is arranged on the first side 111 of the carrier 110
and the heat conductor part 130 is arranged on the sec-
ond side 112.
[0013] The encapsulation body 140 encapsulates the
semiconductor die 120 in such a way that the heat con-
ductor part 130 is exposed from the encapsulation body
140. The heat conductor part 130 in particular has a dif-
ferent material composition than the encapsulation body
140.
[0014] The scratch protection layer 150 covers the heat
conductor part 130, in particular an outer surface of the
heat conductor part 130. Furthermore, the scratch pro-
tection layer 150 has a hardness which is at least five
times higher than a hardness of the heat conductor part
130.
[0015] In this context, the term "hardness" may refer
to scratch hardness which may for example be measured
according to the Mohs scale, or it may refer to indentation
hardness which may for example be measured according
to the Rockwell, Vickers, Shore, or Brinell scale.

[0016] The semiconductor package 100 may e.g. be a
power semiconductor package, configured to operate
with a high voltage and/or a high electrical current. The
semiconductor package 100 may be a through-hole de-
vice (THD), e.g. a package according to the TO247 spec-
ification, or it may be a surface-mount device (SMD).
[0017] The carrier 110 may be any suitable type of die
carrier, e.g. a leadframe part, a printed circuit board
(PCB), a direct copper bond (DCB), a direct aluminum
bond (DAB), etc. The carrier 110 may e.g. comprise or
consist of Al, Cu or Fe. The carrier 110 may be at least
partially encapsulated by the encapsulation body 140.
The carrier 110 may be configured to transfer heat away
from the semiconductor die 120, towards the heat con-
ductor part 130.
[0018] The semiconductor die 120 may be a power
semiconductor die. The semiconductor die 120 may com-
prise a first side 121 facing away from the carrier 110
and an opposite second side 122 facing the carrier 110.
The semiconductor die 120 may comprise a first power
electrode (e.g. a source, drain, emitter or collector elec-
trode) on its first side 121 and it may comprise a second
power electrode on its second side 122. The second pow-
er electrode may be electrically coupled to the carrier
110, e.g. via a solder joint.
[0019] According to an example, the semiconductor
package 100 comprises more than one semiconductor
die 120, which may be identical dies or different types of
dies. The additional die(s) may also be arranged on the
die carrier 110 or on one or more additional die carriers.
The semiconductor dies 120 may be electrically coupled
to form a circuit, e.g. a half-bridge circuit, an inverter cir-
cuit, etc.
[0020] The heat conductor part 130 may be configured
to be arranged on an external heatsink or a PCB and to
allow a heat transfer from the carrier 110 to the heatsink
or PCB. Furthermore, the heat conductor part 130 may
be configured to electrically insulate the carrier 110 from
the heatsink or PCB.
[0021] According to an example, the heat conductor
part 130 comprises or consists of a silicone pad or an
epoxy pad, or it comprises or consists of a pad of any
other suitable dielectric material. Using such a pad in-
stead of a layer of thermal grease may have several ad-
vantages. For example, the pad material may act as a
"soft cushion" that gets compressed when the semicon-
ductor package 100 is coupled to the heatsink or PCB.
The compressed pad may provide a reduced thermal re-
sistance compared to a layer of thermal grease. The heat
conductor part 130 may in particular be a single contig-
uous component (a "pad") and not a grease layer.
[0022] The heat conductor part 130 may comprise filler
particles, in particular filler particles that are configured
to improve the heat transfer capabilities of the heat con-
ductor part 130. The filler particles may e.g. comprise or
consist of one or more of AlO, BN, AlN and MgO. The
heat conductor part 130 may have a content of filler par-
ticles of 50% or more, or 70% or more, or even 90% or
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more.
[0023] The heat conductor part 130 may for example
have a thickness measured between a lower side facing
the carrier 110 and an opposite upper side in the range
of 2mm to 50mm, for example about 10mm, about 20mm,
about 30mm, or about 40mm. The heat conductor part
130 may cover the second side 112 of the carrier 110
completely or partially, for example 50% or more, or 70%
or more, or 90% or more of the second side 112 may be
covered by the heat conductor part 130.
[0024] The encapsulation body 140 may have a first
side 141 and an opposite second side 142, wherein the
heat conductor part 130 is arranged at the second side
142. The heat conductor part 130 may protrude from the
second side 142 as shown in the example of Fig. 1. The
heat conductor part 130 may for example protrude by
10mm or more, or 20mm or more, or 30mm or more (the
protrusion is measured perpendicular to the second side
142).
[0025] The heat conductor part 130 and the second
side 142 of the encapsulation body 140 may constitute
a backside of the semiconductor package 100. The heat
conductor part 130 may account for 30% or more, or 50%
or more, or 70% or more, or 90% or more of the surface
area of the backside.
[0026] According to an example, the heat conductor
part 130 is arranged directly on the second side 112 of
the carrier 110, without any intervening layers or compo-
nents.
[0027] The encapsulation body 140 may for example
be a molded body comprising or consisting of any suitable
mold material. Compared to the heat conductor part 130,
the encapsulation body 140 may be essentially incom-
pressible. In particular, the molded body 140 may be di-
mensionally stable at an amount of pressure which is
used to press a heatsink or PCB to the heat conductor
part 130.
[0028] According to an example, the carrier 110 is par-
tially exposed from the encapsulation body 140. For ex-
ample, an external contact part of the carrier 110 may be
exposed.
[0029] The scratch protection layer 150 may complete-
ly cover the upper side of the heat conductor part 130.
The scratch protection layer 150 may have any suitable
thickness, for example a thickness in the range of 0.2pm
to 20mm, e.g. about 1mm, about 5mm, about 10mm, or
about 15mm.
[0030] According to an example, the scratch protection
layer 150 comprises inorganic material. A content of in-
organic material of the scratch protection layer 150 may
be relatively higher than a content of inorganic material
of the heat conductor part 130. The inorganic material
may be responsible for the hardness of the scratch pro-
tection layer 150. According to an example, the scratch
protection layer 150 has a hardness of 68MPa or even
a hardness of 200MPa. In comparison, the heat conduc-
tor part 130 may e.g. have a hardness of about 10MPa.
[0031] According to an example, the scratch protection

layer 150 comprises or consists of organic-inorganic hy-
brid polymers. Suitable organic-inorganic hybrid poly-
mers are for example obtained from the so called OR-
MOCER compounds described in detail in DE 43 03 570
A1 and in DE 38 28 098 A1. These compounds may
comprise silanes which may allow for a strong adhesion
of the scratch protection layer 150 to the heat conductor
part 130 (in particular in the case that the heat conductor
part 130 comprises or consists of silicone).
[0032] Organic-inorganic hybrid polymers may be tai-
lored to a variety of requirements. One particular such
requirement is the fabrication of particularly thin but ro-
bust scratch protection layers. According to an example,
the scratch protection layer 150 may therefore have such
a small thickness that it essentially does not inhibit the
heat transfer from the semiconductor die 120 to a heat-
sink or a PCB arranged above the heat conductor part
130.
[0033] Figures 2A and 2B show two exemplary meth-
ods for applying the scratch protection layer 150 onto the
heat conductor part 130.
[0034] As shown in Figure 2A, a stamping equipment
200 may be used to transfer a liquid precursor 210 of the
scratch protection layer 150 onto the upper side of the
heat conductor part 130. The liquid precursor 210 may
for example be an ORMOCER lacquer.
[0035] According to an example, the liquid precursor
210 is applied before the heat conductor part 130 has
been cured completely. In other words, the heat conduc-
tor part 130 itself may still be semi-fluid when the liquid
precursor 210 is applied. This may improve the adhesion
between the scratch protection layer 150 and the heat
conductor part 130. After the liquid precursor 210 has
been applied, a common curing process may be per-
formed to cure both the heat conductor part 130 and the
liquid precursor 210 (thereby forming the scratch protec-
tion layer 150). According to another example, the liquid
precursor 210 is applied after the heat conductor part
130 has already been cured.
[0036] Alternatively to the printing process shown in
Fig. 2A, spray coating, dipping, jetting or any other suit-
able method may be used to apply the liquid precursor
210 to the heat conductor part 130.
[0037] Figure 2B shows an alternative technique for
fabricating the scratch protection layer 150. Instead of
transferring some additional material onto the heat con-
ductor part 130 and curing this additional material, the
scratch protection layer 150 may instead be fabricated
from the heat conductor part 130 itself. In particular, the
upper side of the heat conductor part 130 may be ex-
posed to a "rapid aging" treatment which may reduce the
relative content of organic material and consequently in-
crease the relative amount of inorganic (filler) material at
the upper side. Such a treatment may for example com-
prise an exposure to heat, UV light and/or a plasma 220.
[0038] The conditions of the rapid aging treatment (e.g.
the exposure time, temperature, electric field strength,
etc.) may be chosen such that the scratch protection layer
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150 is formed but at the same time damage to the sem-
iconductor die 120, the carrier 110 and the encapsulation
body 140 is avoided.
[0039] Figures 3A to 3F show a semiconductor pack-
age 300 in various stages of fabrication, according to an
exemplary method for fabricating semiconductor pack-
ages. A similar method may be used for fabricating the
semiconductor package 100. The semiconductor pack-
age 300 may be similar to the semiconductor package
100.
[0040] As shown in Figure 3A, the carrier 110 is pro-
vided. The carrier 110 may for example be arranged on
a temporary carrier 310, e.g. a tape, such that the second
side 112 of the carrier 110 faces the temporary carrier
310.
[0041] As shown in Figure 3B, the semiconductor die
120 is arranged on the first side 111 of the carrier 110.
This may also comprise electrically coupling the semi-
conductor die 120 to the carrier 110.
[0042] As shown in Figure 3C, the semiconductor die
120 is encapsulated with the encapsulation body 140.
The carrier 110 may also be at least partially encapsu-
lated. The encapsulation body 140 may for example be
a molded body, formed using a molding technique like
e.g. transfer molding or compression molding.
[0043] The encapsulation body 140 may comprise an
opening 143, wherein the carrier 110 is exposed from
the encapsulation body 140 within the opening 143. The
opening 143 may e.g. be fabricated during the molding
process or it may be fabricated by removing material after
the molding process.
[0044] As shown in Figure 3D, the heat conductor part
130 is arranged on the carrier 110. The heat conductor
part 130 may in particular be arranged in the opening
143 and it may completely fill the opening 143. The heat
conductor part 130 may protrude from the second side
142 of the encapsulation body 140.
[0045] Arranging the heat conductor part 130 on the
carrier 110 may for example comprise applying a fluid
precursor and curing the precursor to obtain the heat
conductor part 130. Alternatively, the heat conductor part
130 may be deposited in cured form by a pick and place
process.
[0046] The heat conductor part 130 may be arranged
on the carrier 110 after the encapsulation body 140 has
been formed, as shown in Figs. 3C and 3D. However,
according to another example it is also possible that the
encapsulation body 140 is fabricated after the heat con-
ductor part 130 has been formed.
[0047] As shown in Figure 3E, the heat conductor part
130, in particular its upper side, is covered with the
scratch protection layer 150. This may comprise depos-
iting a precursor as e.g. described with respect to Fig.
2A, or it may comprise aging the upper side of the heat
conductor part 130 as described with respect to Fig. 2B.
[0048] The scratch protection layer 150 may be con-
figured to protect the heat conductor part 130 from dam-
age during further processing of the semiconductor pack-

age 300. Damage to the heat conductor part 130, e.g. a
scratch, could entail that the carrier 110 is no longer prop-
erly electrically insulated.
[0049] As shown in Figure 3F, the semiconductor pack-
age 300 may be coupled to an external part 320, for ex-
ample a heatsink or a PCB, such that the external part
320 is arranged on the scratch protection layer 150.
Thereby, the heat conductor part 130 may get com-
pressed such that it no longer protrudes from the encap-
sulation body 140. The compressed heat conductor part
130 and the relatively thin scratch protection layer 150
provide a thermal path with a low thermal resistance be-
tween the carrier 110 and the external part 320.
[0050] Figure 4 is a flow chart of an exemplary method
400 for fabricating a semiconductor package. The meth-
od 400 may for example be used for fabricating the sem-
iconductor packages 100 and 300.
[0051] Method 400 comprises at 401 an act of provid-
ing a carrier with a first side and an opposing second
side, at 402 an act of arranging a semiconductor die on
the first side of the carrier, at 403 an act of arranging a
heat conductor part on the second side of the carrier, at
404 an act of encapsulating the semiconductor die with
an encapsulation body such that the heat conductor part
is exposed from the encapsulation body, wherein the
heat conductor part has a different material composition
than the encapsulation body, and at 405 an act of cov-
ering the heat conductor part with a scratch protection
layer, wherein the scratch protection layer has a hard-
ness which is at least five times higher than a hardness
of the heat conductor part.

CLAIMS

[0052] In the following, the semiconductor package as
well as the method for fabricating a semiconductor pack-
age is further explained using specific examples.
[0053] Example 1 is a semiconductor package, com-
prising: a carrier comprising a first side and an opposing
second side, a semiconductor die arranged on the first
side of the carrier, a heat conductor part arranged on the
second side of the carrier, an encapsulation body encap-
sulating the semiconductor die, wherein the heat con-
ductor part is exposed from the encapsulation body, and
wherein the heat conductor part has a different material
composition than the encapsulation body, and a scratch
protection layer covering the heat conductor part, where-
in the scratch protection layer has a hardness which is
at least five times higher than a hardness of the heat
conductor part.
[0054] Example 2 is the semiconductor package of ex-
ample 1, wherein the scratch protection layer has a rel-
atively higher inorganic material content than the heat
conductor part.
[0055] Example 3 is the semiconductor package of ex-
ample 1 or 2, wherein the scratch protection layer com-
prises or consists of organic-inorganic hybrid polymers.
[0056] Example 4 is the semiconductor package of ex-
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ample 3, wherein the organic-inorganic hybrid polymers
comprise one or more silanes.
[0057] Example 5 is the semiconductor package of one
of the preceding examples, wherein the heat conductor
part comprises or consists of a silicone pad.
[0058] Example 6 is the semiconductor package of one
of the preceding examples, wherein the scratch protec-
tion layer has a thickness in the range of 0.2pm to 20mm.
[0059] Example 7 is the semiconductor package of one
of the preceding examples, wherein the heat conductor
part protrudes from an external surface of the encapsu-
lation body.
[0060] Example 8 is the semiconductor package of one
of the preceding examples, wherein the heat conductor
part comprises filler particles configured to increase its
thermal conductivity.
[0061] Example 9 is a method for fabricating a semi-
conductor package, wherein the method comprises: pro-
viding a carrier with a first side and an opposing second
side, arranging a semiconductor die on the first side of
the carrier, arranging a heat conductor part on the second
side of the carrier, encapsulating the semiconductor die
with an encapsulation body such that the heat conductor
part is exposed from the encapsulation body, wherein
the heat conductor part has a different material compo-
sition than the encapsulation body, and covering the heat
conductor part with a scratch protection layer, wherein
the scratch protection layer has a hardness which is at
least five times higher than a hardness of the heat con-
ductor part.
[0062] Example 10 is the method of example 9, where-
in the covering comprises depositing an organic-inorgan-
ic hybrid polymer precursor on the heat conductor part.
[0063] Example 11 is the method of example 10,
wherein the depositing comprises spray coating, dipping,
printing or jetting the organic-inorganic hybrid polymer
precursor onto the heat conductor part.
[0064] Example 12 is the method of example 10 or 11,
further comprising: curing the organic-inorganic hybrid
polymer precursor in order to form the scratch protection
layer.
[0065] Example 13 is the method of one of examples
9 to 12, wherein the scratch protection layer has a rela-
tively higher inorganic material content than the heat con-
ductor part.
[0066] Example 14 is the method of example 9, where-
in the covering comprises aging the heat conductor part
to form the scratch protection layer.
[0067] Example 15 is the method of example 14,
wherein the heat conductor part is aged by a heat appli-
cation process or by a plasma application process.
[0068] Example 16 is an apparatus comprising means
for performing the method according to anyone of exam-
ples 9 to 15.
[0069] While the disclosure has been illustrated and
described with respect to one or more implementations,
alterations and/or modifications may be made to the il-
lustrated examples without departing from the spirit and

scope of the appended claims. In particular regard to the
various functions performed by the above described
components or structures (assemblies, devices, circuits,
systems, etc.), the terms (including a reference to a
"means") used to describe such components are intend-
ed to correspond, unless otherwise indicated, to any
component or structure which performs the specified
function of the described component (e.g., that is func-
tionally equivalent), even though not structurally equiva-
lent to the disclosed structure which performs the function
in the herein illustrated exemplary implementations of
the disclosure.

Claims

1. A semiconductor package, comprising:

a carrier comprising a first side and an opposing
second side,
a semiconductor die arranged on the first side
of the carrier,
a heat conductor part arranged on the second
side of the carrier,
an encapsulation body encapsulating the sem-
iconductor die, wherein the heat conductor part
is exposed from the encapsulation body, and
wherein the heat conductor part has a different
material composition than the encapsulation
body, and
a scratch protection layer covering the heat con-
ductor part, wherein the scratch protection layer
has a hardness which is at least five times higher
than a hardness of the heat conductor part.

2. The semiconductor package of claim 1, wherein the
scratch protection layer has a relatively higher inor-
ganic material content than the heat conductor part.

3. The semiconductor package of claim 1 or 2, wherein
the scratch protection layer comprises or consists of
organic-inorganic hybrid polymers.

4. The semiconductor package of claim 3, wherein the
organic-inorganic hybrid polymers comprise one or
more silanes.

5. The semiconductor package of one of the preceding
claims, wherein the heat conductor part comprises
or consists of a silicone pad.

6. The semiconductor package of one of the preceding
claims, wherein the scratch protection layer has a
thickness in the range of 0.2pm to 20mm.

7. The semiconductor package of one of the preceding
claims, wherein the heat conductor part protrudes
from an external surface of the encapsulation body.
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8. The semiconductor package of one of the preceding
claims, wherein the heat conductor part comprises
filler particles configured to increase its thermal con-
ductivity.

9. A method for fabricating a semiconductor package,
wherein the method comprises:

providing a carrier with a first side and an op-
posing second side,
arranging a semiconductor die on the first side
of the carrier,
arranging a heat conductor part on the second
side of the carrier,
encapsulating the semiconductor die with an en-
capsulation body such that the heat conductor
part is exposed from the encapsulation body,
wherein the heat conductor part has a different
material composition than the encapsulation
body, and
covering the heat conductor part with a scratch
protection layer, wherein the scratch protection
layer has a hardness which is at least five times
higher than a hardness of the heat conductor
part.

10. The method of claim 9, wherein the covering com-
prises depositing an organic-inorganic hybrid poly-
mer precursor on the heat conductor part.

11. The method of claim 10, wherein the depositing com-
prises spray coating, dipping, printing or jetting the
organic-inorganic hybrid polymer precursor onto the
heat conductor part.

12. The method of claim 10 or 11, further comprising:
curing the organic-inorganic hybrid polymer precur-
sor in order to form the scratch protection layer.

13. The method of one of claims 9 to 12, wherein the
scratch protection layer has a relatively higher inor-
ganic material content than the heat conductor part.

14. The method of claim 9, wherein the covering com-
prises aging the heat conductor part to form the
scratch protection layer.

15. The method of claim 14, wherein the heat conductor
part is aged by a heat application process or by a
plasma application process.
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